Three sites drilled on the Nazca plate on DSDP Leg 34 recovered fresh basalts quite unlike those recovered from previous legs. The textures of these rocks range from vitrophyric to ophitic, with variolitic intergrowths and altered glass present even in the groundmass of the coarsest unit sampled, and are suggestive of fairly rapid cooling histories. Site 321 basalts are all uniformly fine grained, vesicular, and intersertal. Many samples from all sites are Plagioclase phyric, and Hole 319A basalts appear to be largely Plagioclase and olivine phyric. Fresh relicts of olivine phenocrysts were recognized only in Hole 319A basalts, and olivine crystallization may have persisted into the groundmass in some Hole 319A basalts.
INTRODUCTION
DSDP Leg 34 sampled parts of the Nazca plate off the western coast of South America (Figure la) . Three sites were drilled in an attempt to core deeply into basement rock, but technical problems prevented the desired extensive penetration. The basalts which were recovered from the Nazca plate, however, are among the freshest samples to date from the DSDP expeditions, and their relative freshness facilitates comprehensive petrographic and phase chemical studies.
Stratigraphic sections for each of the three sites sampled are presented in Figure lb and show the locations of the samples available for this study. The amount of basalt recovered from each basalt section is indicated by the dark patterns.
Hole 319A is located on the western flank of the extinct Galapagos Rise on crustal rocks dated by paleontological study of overlying sediments at about 15 m.y. . The first basalt was encountered at approximately 98 meters below the water-sediment interface and was continously cored for 59 meters before the hole was abandoned ( Figure lb) ; however, only 25% of the basalt was recovered. Shipboard measurements of densities, seismic velocities, and water contents all suggest rather fresh basalt throughout the cored section (Chapter 3, this volume) . On the basis of textural changes, the shipboard scientists divided the basalt section (319A) into six definite cooling units and at least five additional thinner units. The major cooling units are 15.6 and 12.5 meters thick (Figure lb) . Rapid cooling of the margins of flow units is suggested by the finegrained variolitic nature of some samples and the abundance of glass fragments recovered from the core catchers; however, no contact zones were actually recovered (Chapter 3, this volume). Preliminary observations by the shipboard scientists suggest that the basalts at this site represent a suite of rapidly cooled, pillowed to massive flows, erupted within a short period of time.
Hole 320B cored a series of about nine pillows and thin flows beneath sediment dated at approximately 30 m.y. old. Although the basalts are more altered than those in Hole 319A, they nevertheless are less altered than expected for crustal rocks of this age. Basalt was encountered at about 154 meters below mudline and was cored for about 28 meters with poor recovery (Figure lb) .
Site 321 penetrated approximately 10 meters of basalt, 5 meters of which was recovered. The basalt section covers at least two cooling units (M. Bass, personal communication, 1974) . The oldest overlying sediment is dated at 40 m.y. . The basalt, which was encountered 125 meters below mudline, was not quite as fresh as that from Hole 319A.
The unusual freshness of both Hole 319A and Site 321 basalts (relative to other deep-sea basalts) is one line of evidence which suggests that these rocks may be products of young off-ridge volcanism . Recent age determinations, however, are compatible with the ages of overlying (basal) sediments (S.R. Hart, personal communication, 1975) . Site 321 basalts are quite vesicular and, in some of our samples, amygdaloidal. Sr concentrations suggest that the total basalt section at each site is genetically related . The mineralogy and bulk chemistry of all Leg 34 basalts are similar to those of tholeiitic ridge basalts, and, furthermore, all basalts appear to be typical largeion-lithophile (LIL)-depleted ridge tholeiites (Bunch and La Borde, 1974; Thompson et al., 1974; Fein, 1974; . This report presents preliminary petrographic and phase chemical data for representative basalts of Leg 34. Of the 29 samples available for this study (Figure lb ), 16 were chosen for phase chemical analysis to represent as many of the reported cooling units as possible, and, in the case of Hole 320B, include all samples available to us.
PETROGRAPHY

General
Approximately in decreasing order of abundance, Leg 34 basalts contain Plagioclase, clinopyroxene, titanomagnetite, smectite, olivine, ilmenite, calcite, sulfides, Fe-oxides (goethite and hematite), and chromian spinel. Textures range from vitrophyric, through intersertal and variolitic, to subophitic and ophitic. Many samples are porphyritic, with phenocrysts of Plagioclase. In some samples, olivine (mostly as smectite pseudomorphs) or clinopyroxene accompanies Plagioclase as a phenocryst phase.
In all samples studied, euhedral to subhedral feldspar phenocrysts are normally zoned throughout. Late-stage feldspars vary from zoned euhedral laths to anhedral interstitial grains. Slender Plagioclase crystals are characteristic of the vesicle-filling stage in some samples. Where present, pyroxene microphenocrysts are euhedral to subhedral and only slightly zoned, whereas interstitial pyroxenes show strong chemical zonation. Pyroxenes, where in contact with Plagioclase, are depleted in Ca, and this depletion causes an obvious change in birefringence near the contacts of these two phases over as much as an order of interference color.
In all samples the mesostasis late-stage residuum is altered in varying degrees to smectite, arising from one or two phases of secondary alteration (Bass, 1974) . The mesostasis of the finer grained samples may represent devitrified or fresh glass which has subsequently been altered to smectite. In many samples, very fine grained quench Plagioclase, pyroxene, and magnetite are commonly constituents of the late-stage mesostasis. Table 1 presents a summary of the petrographic features of the Leg 34 basalts studied for this report. Modal abundances of the major phases are listed in Table 1 and major primary modal mineralogy is plotted for Hole 319A and Site 321 in Figure 2 . During point counting, no effort was made to distinguish the smectite which occurs as an alteration product of early crystallizing phases from the smectite of the altered groundmass. Inasmuch as Plagioclase and clinopyroxene are only very mildly altered in all the samples studied, the recognition of replacement alteration is relatively unambiguous. Plagioclase and pyroxene alteration products, therefore, were added to "fresh" modal values. Olivine modal values, however, are for "fresh" olivine only, as it is difficult to determine whether some smectite masses are actually pseudomorphs after olivine or massive smectite. The paragenetic sequences of the major units were determined by petrographic observation. Photomicrographs of representative textures of Leg 34 basalts are presented in Figure 3 .
Hole 319A
The dashed lines in Figures lb and 2 delineate the cooling units suggested by textural and modal evidence. Most of the cooling units in Hole 319A are Plagioclase and olivine phyric, although olivine phenocrysts in many samples are recognized only by the apparent reticulate nature of some subhedral smectite masses (Figure 3c ). In some instances, olivine relicts are present within the centers of smectite pseudomorphs. Only Sample 319A-6-1, 145-148 cm, a quenched basalt, appears to be Plagioclase and clinopyroxene phyric.
Glomeroporphyritic clots of Plagioclase are common within the 15.6 meter cooling unit and within the 12.5-meter unit, even in portions of the thicker unit where the groundmass is subophitic to ophitic. The fine grained sample directly below the 12.5-meter unit (6-1, 145-148 cm) also contains glomeroporphyritic Plagioclase.
Groundmass olivine has been identified in the 15.6-and 12.5-meter units. In addition, skeletal olivine has been identified in the groundmass of other samples within the 15.6-meter unit not represented by our samples (M. Bass, personal communication, 1974) , but groundmass olivine has not been identified in other Leg 34 samples reported here. The persistence of olivine into the groundmass stage has been noted by the shipboard scientists and was once considered as evidence that basalts containing olivine in the groundmass are not typical ridge-type tholeiites, but rather may be transitional or slightly alkali in character. Recent chemical analyses (for example, Bunch and La Borde, 1974) indicate, however, that major element chemistry is similar to that of ridge tholeiites, and the presence of groundmass olivine does not imply an off-ridge origin. The persistence of variolitic intergrowths into the groundmass of even the thickest unit of this site suggests rapid cooling of the basalts.
In the 15.6-meter cooling unit, textures vary systematically with position in the basalt column, ranging from medium-grained variolitic near the top, to coarse-grained ophitic near the middle (with ophitic pyroxenes up to 3 mm across their longest dimension), and medium-grained intergranular towards the bottom (Figures 3b, c) . Our two representatives of the 12.5-meter unit range in texture from medium-grained intergranular (4-1, 123-126 cm) to medium-grained intersertal (5-1, 84-87 cm). The coarse-grained nature of the 15.6-meter cooling unit, in addition to its lack of vesicles, suggests that this unit may have been emplaced as a shallow sill.
The uncertainty in modal values of Plagioclase and clinopyroxene in Sample 319A-1-1, 23-26 cm is the result of the fine variolitic intergrowth of these two phases, which renders modal analysis difficult ( Figure  3a ).
Hole 320B
Hole 320B basalts are Plagioclase phyric, with no identifiable fresh olivine in the paragenetic sequence.
Olivine has been found, however, in other parts of the basalt section (M. Bass, personal communication, 1974) . These rocks, which are the most altered basalts of our samples, are also the finest grained (Figure 3d , e).
One occurrence of chromian spinel was noted in one Hole 32OB sample (4-1, 144-147 cm). The spinel, included within a Plagioclase phenocryst, is the only chromian spinel identified and analyzed in any of the Leg 34 samples.
Site 321
Our basalt samples from Site 321 are uniform in texture; all are vesicular and porphyritic with a fine-grained intersertal groundmass (Figure 30 -Vesicles are sometimes partially or completely filled by one or more of carbonates, smectite, and very fine-grained basalt. Phenocrysts are solely Plagioclase, except for a few clinopyroxene microphenocrysts associated with plagioclase glomerocrysts. Olivine was not found.
The pronounced vesicularity and fine-grained groundmass throughout the section suggest an extrusive origin of these basalts. The K-Ar ages, which suggest that these basalts are younger than overlying sediments (Corliss et al., 1974) , are thus suspect. Major element chemistry (Bunch and La Borde, 1974 , and others) and Sr concentrations and low Sr 87 /Sr 86 ratios ) are strongly suggestive of ridge-type basalts at this site.
PHASE CHEMISTRY
Electron microprobe analyses were obtained for major phases of representative samples from the three sites using an automated four-spectrometer ARL-EMX-SM electron microprobe. Data were reduced according to Bence and Albee (1968) . In some samples the fine grain sizes rendered probe analyses (especially for olivines and opaque oxides) impossible.
Samples analyzed include nine from Hole 319A, two from Hole 320B, and five from Site 321. Representative microprobe analyses are presented in Tables 2-5 and plotted on the various data displays.
Pyroxenes
The pyroxenes from Leg 34 basalts are aluminous (up to 5.5 wt% AI2O3) augites (Wo.*6-36En48-i5Fs6-49) and pigeonites (\V09-15En69-57Fs22-28) which in most samples are characterized in plane light by a distinct light brown coloration. The range of components other than CaSiO 3 (Wo)-MgSiO 3 (En)-Fe 2+ Siθ3(Fs), hereafter referred to as "others" (for example, Papike et al., 1974) , is from 5.1% to 26% in the augites and 3.1% to 3.2% in the pigeonites. Pigeonite occurs as discrete grains in the groundmass and, more commonly, in sectors within augite crystals.
In all the Leg 34 samples, the pyroxenes trend towards Fe enrichment with crystallization, although the trend in terms of Ca content is variable. "Other" elements in all samples are largely Al and Ti, with lesser amounts of Na and Fe 3+ and trace amounts of Cr. "Other" components were characterized and Fe 3+ estimated by the pyroxene data reduction method of Papike et al. (1974) .
Hole 319A Hole 319A pyroxenes are characterized by a general decrease in "others" with crystallization ( Figure 4 and (Figure 4 ). Initial pyroxenes near the bottom of the 12.5-meter unit are enriched in Mg and "others" relative to those near the top of this unit (Figures 4 and 5) . Although "others" decrease with Fe enrichment, the relative proportions of sodium in the pyroxene M(2) site (NaM2), tetrahedral aluminum (A 14), and titanium (Ti) change such that the trend is away from the A14 apex of the "others" triangular plot (Figure 6 ). Figure 7 shows that total Al decreases with Fe enrichment. In addition, there are two different trends in this behavior depending on the type of sector zoning in the pyroxene.
Hole 320B
The two samples available for Hole 320B, approximately 10 meters apart in the section, probably represent two separate cooling units out of the 10 cored at this site. Although data on the upper sample (3-1, 136-139 cm) are limited because of its extremely finegrained nature, the data available suggest that the pyroxenes here are richer in Ca and in "others" (Table  2B ) than those in the lower sample (4-1, 144-147 cm). For both samples, the trend is away from the A14 apex on the Ti-NaM2-A14 plot as a function of Fe enrichment ( Figure 6 ), with pyroxenes in the lower sample being relatively more enriched in A14 initially than those in the upper sample. Pyroxenes in the upper sample are enriched in Fe 3+ relative to those in the lower sample (Table 2B and Figure 5) . Total aluminum appears to vary significantly in the lower sample, showing an initial decrease followed by a sharp increase (Figure 7 ).
Site 321
The percentages of "other" components in Site 321 pyroxenes do not show a well-defined decrease with crystallization, as shown in Hole 319A pyroxenes. In fact, two samples show a marked increase in "others" with Fe enrichment (Figure 4 ), whereas Samples 14-4, 35-38 cm and 14-1, 55-58 cm show a small increase in "others." The strong increase in "others" in two of the samples is accompanied by an increase in Ca and is characteristic of the interstitial or vesicle-filling stage of crystallization in these two samples. Most of the Site 321 pyroxenes show a decrease in tetrahedral Al (relative to Ti and Na) with crystallization (Figure 6 ), but no discernible trend is evident for Sample 14-1, 99-102 cm. Fe 3+ content is low in most of the pyroxenes of the samples and may show a slight increase with crystallization, possibly reflecting changes in fθ2 in the later stages ( Figure 5 ). This trend is in contrast to those observed at Holes 319A and 320B, where total Al and Fe 3+ decrease with crystallization. Figure 7 shows that in Samples 14-1, 99-102 cm and 14-2, 50-53 cm there is an increase in total Al during the late stages of pyroxene growth. The two samples towards the bottom of the basalt section show an early increase in Al, followed by a late decrease. These samples also show a zoning trend on both Figure 7 and the quadrilateral plot (Figure 4 ). The uppermost sample (14-1, 55-58 cm) shows essentially constant total Al with Fe enrichment in the main pyroxene trend.
M. Bass (personal communication) suggests that only two cooling units are present at Site 321; the pyroxene crystallization trends presented in our study are inconclusive with respect to his suggestion, and more detailed analyses are in progress to determine whether pyroxene crystallization trends will be useful in delineating the two reported units.
Intersite Variations
In summary, Site 321 pyroxenes have proven somewhat unique among the three Leg 34 sites in terms of the changes in "other" components with crystallization. Whereas all samples from Holes 319A and 320B show a general decrease in "others" with crystallization, Site 321 pyroxenes almost always show a slight increase in "others" (Figure 5 ). The pyroxenes in Hole 320B and Site 321 are generally almost as strongly zoned as those in Hole 319A.
At all sites, Cr content of pyroxenes decreases with crystallization of pyroxenes to almost zero Cr (Table 2) .
Feldspars
Feldspars from samples representing all three sites are Plagioclase (Anβ2 24) with little or no potassium feldspar component (Or) except in some late-stage (vesiclefilling) feldspars. "Fe" (total Fe as Fe 2+ ) and Mg constitute important minor elements in the feldspars, with "Fe"/("Fe" + Mg) varying from approximately 0.42 to 1.00. In general, "Fe"/("Fe" + Mg) increases with increasing Na as Mg (generally) decreases. Interstitial Kfeldspar has not been found in any of the samples analyzed.
Hole 319A Plagioclase feldspars throughout the basalt section of Hole 319A are characterized by an overlap of phenocryst rim compostions with the compositions of groundmass plagioclases (Figure 8 ). Within the limits of our analyses of the 15.6-meter cooling unit, Plagioclase compositions among samples of the unit are fairly uniform, except in Sample 3-2, 104-107 cm, where phenocryst cores and rims are the most calcic in the unit. Ti-NaM2-A14 diagrams for pyroxenes in this same cooling unit reveal that the initial Na contents in pyroxenes from Sample 3-2, 104-107 cm are slightly higher relative to Ti and A14 than in the other representative samples of this unit (Figure 6 ).
Within the 12.5-meter cooling unit, plagioclases apparently become more calcic towards the top contact ( Figure 8 ) concomitant with an increase in modal Plagioclase toward the top (Figure 2 ). The extremely fine-grain size of Sample 6-1, 145-148 cm is reflected in the relatively narrow spread of feldspar compositions (Anβi-62).
The Plagioclase in Hole 319A basalts generally contains very little K(<1% Or). The highest percentage of Overall, there may be a trend in Ca content of the Plagioclase phenocryst cores as a function of position in the basalt section which may indicate cooling unit contacts (Figure 8 ). Further detailed analyses may show more clear-cut trends with respect to An-content variations.
Most samples in Hole 319A show an increase in "Fe"/("Fe"+Mg) with increasing Na in the feldspars. In addition, some samples show a marked drop in "Fe"/("Fe"+Mg) i n i a t e stages (Figure 9 ). The increase in "Fe"/("Fe"+Mg) generally is the result of decreasing Mg content with albite enrichment. In Sample 6-1, 145-148 cm, however, in which pyroxene crystallization is mainly restricted to fine intergranular crystals, Mg increases with increasing Na. Mg in Plagioclase essentially remains constant in the upper part of the 12.5-meter cooling unit.
Hole 320B Plagioclase phenocryst cores are An76-7o in the two samples studied. Phenocryst rims and groundmass feldspars show similar ranges in composition in both samples (Figure 8 ). Plagioclase compositions throughout the crystallization sequence are limited to a fairly narrow range (An76-59), reflecting rapid cooling. The basic difference in feldspar compositions between the two samples is in "Fe"/("Fe"+Mg). The lower sample (4-1, 144-147 cm) shows an almost constant ratio in the phenocryst cores. This ratio, however, sharply increases with increased Ab in the groundmass stage due to an increase of Mg at a greater rate than that of "Fe." These differences may be attributed to the crystallization of greater amounts of pyroxene in the lower than in the upper sample, which may be a reflection of relative quench rates between the two samples (a higher rate favoring metastable pyroxene and less Plagioclase).
Site 321 Plagioclase phenocryst cores in Site 321 basalts range in composition from Amo to An64. Like Hole 320B plagioclases, those from Site 321 show a narrower range in compositions than do the more slowly cooled plagioclase from Hole 319A (Figure 8) . Again, at Site 321, the maximum An content of phenocrysts shows somewhat of a consistent trend with depth in the stratigraphic section. "Fe"/("Fe"+Mg) increases with increasing Na throughout the crystallization sequence due to a decrease in Mg with increasing Na.
Intersite Comparisons
The obvious difference among the three sites in terms of feldspar chemistry is the narrower range of Plagioclase compositions in Hole 320B basalts compared to the other two sites, presumably reflecting the more quickly chilled character of these basalts relative to those from the other sites. Late-stage (vesicle-filling and interstitial) feldspars are enriched in Na relative to earlier feldspars in any sample studied, but Or contents never exceed 4 mole % even in the late stages. The "Fe"/("Fe"+Mg) ratio for Site 321 feldspars shows a continuous increase with crystallization into the vesiclefilling stage compared to a decrease in this ratio in the latest stages in Hole 319A.
Feldspar compositional data may be consistent with textural evidence in terms of delineating different cooling units at all three sampling sites. Compositional breaks in Plagioclase are present at assumed unit contacts. In the 15.6-meter unit in Hole 319A, there appears to be an anomalous compositional range in the feldspars in the upper part of this unit which is also reflected in the higher initial Na (relative to A14 and Ti) in pyroxenes of the same sample.
Olivines
Olivines have been analyzed only from parts of the Hole 319A basalt section, and this phase has not been identified in any of our samples from Hole 320B and Site 321. Unaltered olivine is very rare above the lower half of the 15.6-meter cooling unit at Hole 319A; near the bottom of this basalt section, olivine commonly is too small to analyze.
Olivine relicts near the center of the 15.6-meter cooling unit do not appear to be significantly zoned (Foβs-82) (Figure 4 ), but appear to be zoned lower in the cooling unit (3-3, 110-113 cm). Petrographically, it appears as if smectite pseudomorphs after olivine increase in abundance towards the bottom of this cooling unit (as well as modal olivine), and this may suggest that crystal fractionation has taken place in this unit. Crystal fractionation is also supported by preliminary (unpublished) feldspar data on Sample 3-4, 136-139 cm which indicates more calcic phenocryst core compositions near the bottom of the unit. In the 12.5-meter unit, olivines are only slightly more forsteritic near the bottom, and the modal abundance of olivine increases towards the bottom. Zoned olivines (F082-75) are also found in Sample 5-1, 84-87 cm.
Opaque Oxides
Titanomagnetites were analyzed in samples from all sites, but relatively few analyses were possible in the Hole 320B samples because of small grain sizes. Titano- magnetite is a late-stage phase and often coexists with ilmenite, especially in Hole 319A.Tables 5A-Clist representative Fe-Ti oxide analyses which show that throughout both Hole 319A and Site 321 titanomagnetites appear to be of fairly uniform composition. Probe traverses across several grains, and optical examination of these grains suggest that titanomagnetites are largely homogeneous, except perhaps near veins.
The only chromian spinel observed in Leg 34 samples studied, found as an inclusion in a feldspar phenocryst in Sample 320B-4-1, 144-147 cm, has been analyzed (Table 5B )and its formula, calculated on the basis of 3 cations, is Mgo6Fe Phase chemical data show differences in the two cooling units represented by Hole 320B samples. At least two cooling units are delineated by phase chemical data for our Site 321 representatives, although as many as three units may be inferred by pyroxene chemical variations or modal mineralogical variations (Figure 2 ). More detailed analyses are needed to define cooling unit boundaries in the absence of complete textural evidence from our samples.
2. Although textures range from variolitic to coarsegrained ophitic, the presence of late-stage variolitic intergrowths, interstitial (altered) glass, and significant chemical zonation in plagioclases and pyroxenes suggest fairly rapid cooling in even the thickest of the cooling units. Site 321 basalts are vesicular and uniformly fine grained.
3. Almost all Leg 34 basalts are Plagioclase phyric, and Hole 319A basalts appear to be largely Plagioclase and olivine phyric. Clinopyroxene may have coprecipitated with liquidus plagioclases in Site 321 basalts.
4. In all Leg 34 samples, there are two or three main stages of plagoclase growth as well as one or two main stages of clinopyroxene growth.
5. Site 321 basalts are distinctive in terms of pyroxene chemistry. Papike et al, 1974) .
